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Abstract
In many extensions of the standard model, new physics is possible to contribute
significantly to B0s -B¯
0
s mixing. We show that the effect of new physics, both its phase
information and its magnitude, can be isolated from measurements of CP asymmetries
in the semileptonic Bs transitions and in some nonleptonic Bs decays into hadronic CP
eigenstates. We also find that the rates of CP -forbidden decays at the Υ(5S) resonance
are not suppressed by the large Bs mass difference, thus they can be used to extract the
CP -violating phase of new physics in either B0s -B¯
0
s or K
0-K¯0 mixing.
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1 Introduction
Recently some experimental efforts have been made to measure the B0s -B¯
0
s mixing parameter
xs (corresponding to the mass difference between two Bs mass eigenstates), which is antici-
pated to be very large in the standard model (SM) [1]. This stimulates some theoretical or
phenomenological interest for a more delicate study of the problem of B0s -B¯
0
s mixing and CP
violation (see, e.g., Refs. [2, 3, 4]). In particular, the other B0s -B¯
0
s mixing parameter ys (cor-
responding to the width difference between two Bs mass eigenstates) is predicted to be about
0.1 within the SM, a value making the measurement of untagged Bs data samples meaningful
in the future experiments [2, 5].
The B0s -B¯
0
s mixing system is a good place for the exploration of new physics (NP) beyond
the SM [6]. For instance, observation of a sufficiently small xs, an asymmetry between the
semileptonic B0s and B¯
0
s decays, or a significant CP -violating signal in B
0
s vs B¯
0
s → ψφ modes
should imply the existence of NP in B0s -B¯
0
s mixing. In most extensitions of the SM, NP
is expected to contribute only to the mass difference of Bs mesons [7]. Any NP does not
significantly affect the direct decays of Bs mesons via the tree-level W -mediated channles,
thus the total decay width Γ remains to amount to its SM value as a good approximation.
However, the effect of NP can appear in both xs and ys, and it may also give rise to a significant
CP -violating phase, which is primarily vanishing in the SM. Consequently it is possible to
isolate NP in B0s -B¯
0
s mixing through the measurement of xs, ys as well as CP violation in
both semileptonic and nonleptonic Bs transitions.
Up to now, the possibility to extract the phase of NP from CP asymmetries in some Bs
decays has been considered (see, e.g., Refs. [5, 8]). In contrast, little attention has been paid
to determining the magnitude of NP in B0s -B¯
0
s mixing, a crucial quantity for one to get at
the specific non-standard electroweak model. In this work we shall discuss a few instructive
approaches towards the isolation of NP in B0s -B¯
0
s mixing, both its phase information and its
magnitude.
The remaining parts of this paper are organized as follows: in section 2 we describe a
parametrization of NP in different B0s -B¯
0
s mixing quantities. The NP effects on CP asym-
metries in semileptonic and nonleptonic decays of Bs mesons are discussed in sections 3 and
4, respectively. Section 5 is devoted to extracting the phase information of NP from the
CP -forbidden B0s B¯
0
s transitions. Finally some concluding remarks are given in section 6.
2 NP in B0s-B¯
0
s mixing
In the assumption of CPT invariance, the mass eigenstates of B0s and B¯
0
s mesons can be
written as
|B1〉 = p|B0s〉 + q|B¯0s〉 ,
|B2〉 = p|B0s〉 − q|B¯0s〉 , (1)
2
where p and q are complex mixing parameters. In terms of off-diagonal elements of the 2× 2
B0s -B¯
0
s mixing Hamiltonian M− iΓ/2, we express the ratio q/p as
q
p
=
√√√√M∗12 − iΓ∗12/2
M12 − iΓ12/2 . (2)
The mass and width differences of B1 and B2 are defined by ∆m ≡ |m1 − m2| and ∆Γ ≡
|Γ1 − Γ2|, respectively. Furthermore, we define m ≡ (m1 +m2)/2 and Γ ≡ (Γ1 + Γ2)/2. It is
also convenient to use the following dimensionless parameters to describe B0s -B¯
0
s mixing:
xs ≡ ∆m
Γ
, ys ≡ ∆Γ
2Γ
. (3)
The present experimental lower bound for xs is xs ≥ 15 [1], implying ∆m ≫ ∆Γ or |M12| ≫
|Γ12| holds. Consequently one gets
∆m = 2|M12| (4)
to a high degree of accuracy. Then the width difference ∆Γ reads [5]
∆Γ =
4|Re(M12Γ∗12)|
∆m
= 2|Γ12| · | cosφm| , (5)
where φm ≡ arg(−M12/Γ12). In addition, calculations based on the SM yields ys ≈ 0.08 [3].
This value will always be reduced if B0s -B¯
0
s mixing receives CP -violating contributions from
NP (i.e., φm 6= 0). Thus xs/ys > 102 is true both within and beyond the SM.
Now we assume that NP contributes to ∆m through M12, which can be parametrized as
M12 = M
SM
12 + M
NP
12 = M
SM
12
(
1 + zeiθ
)
(6)
with z ≡ |MNP12 /MSM12 | and θ ≡ arg(MNP12 /MSM12 ). The effect of NP on Γ12 is anticipated to be
negligibly small, hence Γ12 = Γ
SM
12 and Γ = Γ
SM hold as a good approximation [6]. Since MSM12
and ΓSM12 are dominantly proportional to the Cabibbo-Kobayashi-Maskawa matrix elements
VtbV
∗
ts and VcbV
∗
cs, respectively, φm = 0 turns out to be an excellent approximation in the
Wolfenstein phase convention. The presence of NP in M12 modifies the SM value of φm in the
following manner:
φm = arg
(
1 + zeiθ
)
= arctan
[
z sin θ
1 + z cos θ
]
. (7)
The B0s -B¯
0
s mixing observables xs and ys, in the existence of NP, read
xs = x
SM
s
√
1 + z2 + 2z cos θ (8)
and
ys = y
SM
s
√
1− z
2 sin2 θ
1 + z2 + 2z cos θ
, (9)
where xSMs and y
SM
s are (in principle) calculable from the SM. Finally, the ratio q/p can be
expressed as
q
p
=
√√√√(1 + ze−iθ) + iySMs /xSMs
(1 + ze+iθ) + iySMs /x
SM
s
≈ e−i2φm
[
1 − z sin θ
1 + z2 + 2z cos θ
· y
SM
s
xSMs
]
(10)
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in the next-to-leading order approximation. Note that φm is indeed a function of z and θ, as
given in Eq. (7). Clearly arg(q/p) = −2φm is a good approximation when we discuss CP
violation in nonleptonic Bs decays. The small correction term in q/p, which is proportional
to z sin θ and ySMs /x
SM
s , is crucial for an asymmetry between the semileptonic B
0
s and B¯
0
s
transitions (see section 3).
One can see, from Eq. (9), that ys ≤ ySMs is always true. In contrast, xs ≤ xSMs takes place
only if θ ∈ [−pi,−pi/2] or [pi/2, pi], corresponding to the destructive interference between MNP12
and MSM12 . Provided z ≫ 1 (i.e., NP dominates B0s -B¯0s mixing), we obtain xs ≈ zxSMs and
ys ≈ ySMs cos θ. In this case, q/p = e−i2φm holds to a higher degree of accuracy.
3 NP effect in semileptonic Bs decays
Now we examine the NP effect on CP violation in semileptonic transitions of Bs mesons.
Assuming both the ∆Q = ∆B rule and CPT invariance, one is able to get the time-integrated
wrong-sign events of semileptonic Bs decays as follows [9, 10]:
N−(B0s ) = n0
[
1
1− y2s
− 1
1 + x2s
] ∣∣∣∣∣qp
∣∣∣∣∣
2
,
N+(B¯0s ) = n0
[
1
1− y2s
− 1
1 + x2s
] ∣∣∣∣∣pq
∣∣∣∣∣
2
, (11)
where n0 is a normalization factor proportional to the rate of the right-sign semileptonic Bs
decay. The CP asymmetry between the above two processes turns out to be
ASL ≡ N
+(B¯0s ) − N−(B0s )
N+(B¯0s ) + N
−(B0s )
=
|p|4 − |q|4
|p|4 + |q|4 , (12)
apparently irrelevant to the mixing parameters xs and ys.
Such an asymmetry can also be obtained from the same-sign dilepton events of coherent
B0s B¯
0
s decays at the Υ(5S) resonance, whose rates are given by [10, 11]
N−−C (B
0
s B¯
0
s ) = nC
[
1 + Cy2s
(1− y2s)2
− 1− Cx
2
s
(1 + x2s)
2
] ∣∣∣∣∣qp
∣∣∣∣∣
2
,
N++C (B
0
s B¯
0
s ) = nC
[
1 + Cy2s
(1− y2s)2
− 1− Cx
2
s
(1 + x2s)
2
] ∣∣∣∣∣pq
∣∣∣∣∣
2
, (13)
in which C (= ±1) is the charge-conjugation parity of the B0s B¯0s pair, and nC denotes the
normalization factor proportional to the rates of right-sign semileptonic decays of B0s and B¯
0
s
mesons. Obviously, we arrive at the same CP asymmetry ASL:
N++C (B
0
s B¯
0
s ) − N−−C (B0s B¯0s )
N++C (B
0
s B¯
0
s ) + N
−−
C (B
0
s B¯
0
s )
=
|p|4 − |q|4
|p|4 + |q|4 , (14)
for both C = −1 and C = +1 cases.
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Figure 1: Illustrative plot for changes of the semileptonic CP asymmetry ASL with θ, where
ySMs /x
SM
s = 0.05 and z = 0.5 or z = 5 have been taken.
Taking |M12| ≫ |Γ12| into account, one can obtain ASL ≈ Im(Γ12/M12) as a good approxi-
mation. By use of Eq. (10), we find that ASL explicitly reads
ASL ≈ 2z sin θ
1 + z2 + 2z cos θ
· y
SM
s
xSMs
. (15)
Within the SM (i.e., z = 0 and θ = 0), ASL is vanishingly small. In view of the fact ySMs /xSMs ∼
O(10−2), we believe that the presence of NP in B0s -B¯
0
s mixing could enhance the asymmetry
ASL to the level of 10−3−10−2. For the purpose of illustration, we plot changes of ASL with the
CP -violating phase θ by assuming ySMs /x
SM
s = 0.05 and z = 0.5 (or z = 5) in Fig. 1. It is clear
that ASL may reach the percent level for favorable values of θ and z. Thus the measurement of
ASL at the forthcoming B-meson factories can provide some useful information or constraints
on NP in B0s -B¯
0
s mixing.
Finally it is worth emphasizing that reliable calculations of ySMs /x
SM
s are crucial for probing
any NP effect through ASL. A detailed analysis of ySMs /xSMs with updated data can be found
in Ref. [12].
4 NP effect in nonleptonic Bs decays
Let us turn attention to the NP effect on CP asymmetries in some nonleptonic Bs decays into
CP eigenstates, such as D+s D
−
s , D
∗+
s D
−
s ⊕D+s D∗−s , (ψφ)+ (i.e., the CP -even state of ψφ) [4],
ψKS and ψKL. These transitions can be used to extract the CP -violating phase φm, in most
cases, without ambiguities from hadronic matrix elements. They are also favorable in view
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of the nearest experimental detectability for weak decays of Bs mesons at e
+e− colliders and
(or) hadron machines. Obviously, q/p = e−i2φm should be an excellent approximation.
Due to B0s -B¯
0
s mixing, the time-dependent rates of Bs mesons decaying into a CP eigenstate
f can be written as [10]
R[B0s,phys(t)→ f ] = nfe−Γt
[
1 + |λf |2
2
cosh(ysΓt) − Reλf sinh(ysΓt)
+
1− |λf |2
2
cos(xsΓt) − Imλf sin(xsΓt)
]
,
R[B¯0s,phys(t)→ f ] = nfe−Γt
[
1 + |λf |2
2
cosh(ysΓt) − Reλf sinh(ysΓt)
− 1− |λf |
2
2
cos(xsΓt) + Imλf sin(xsΓt)
]
, (16)
where nf denotes the normalization factor proportional to |〈f |Heff |B0s〉|2, and λf stands for a
rephasing-invariant quantity defined by
λf ≡ e−i2φm 〈f |Heff |B¯
0
s〉
〈f |Heff |B0s〉
. (17)
We see that the xs-induced oscillations, anticipated to be rapid in the SM, cancel in the rate
of the flavor-untagged data samples:
S(t) ≡ R[B0s,phys(t)→ f ] + R[B¯0s,phys(t)→ f ] ,
= nfe
−Γt
[(
1 + |λf |2
)
cosh(ysΓt) − 2Reλf sinh(ysΓt)
]
. (18)
In contrast, the ys-induced oscillations disappear in the rate asymmetry between the flavor-
tagged data sample:
A(t) ≡ R[B0s,phys(t)→ f ] − R[B¯0s,phys(t)→ f ] ,
= nfe
−Γt
[(
1− |λf |2
)
cos(xsΓt) − 2Imλf sin(xsΓt)
]
. (19)
Therefore, measurements of S(t) and (or) A(t) allow one to determine Reλf versus (1 +
|λf |2) and (or) Imλf versus (1− |λf |2) in most cases, except the special situation where ys is
vanishingly small (e.g., ys ≤ 10−2) due to NP and xs is considerably large (e.g., xs > 50).
Within the SM, λD+s D−s ≈ 1, λ(ψφ)+ ≈ 1, λψKS ≈ −1 and λψKL ≈ 1 hold as a good approx-
imation. For these decay modes, the strong or electroweak penguin contributions (dominated
by the top quark in the loop) are significantly suppressed in magnitude and do not give rise
to additional CP -violating phases. Beyond the SM, the NP appearing in B0s -B¯
0
s mixing is
likely to simultaneously manifest itself in the loop-induced penguin amplitudes. Generally we
do not expect that the NP-enhanced penguin contributions can be significant enough in those
Bs transitions mentioned above, and a test of this assumption is possible by detecting the
deviation of |λf | from unity in A(t). Here we assume |λf | ≈ 1 to hold even in the presence of
NP, for Bs → D+s D−s , (ψφ)+, ψKS and ψKL. Then we obtain
ReλD+s D−s ≈ Reλ(ψφ)+ ≈ −ReλψKS ≈ ReλψKL ≈ cos(2φm) ,
ImλD+s D−s ≈ Imλ(ψφ)+ ≈ −ImλψKS ≈ ImλψKL ≈ − sin(2φm) , (20)
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Figure 2: Illustrative plot for the correlation between two observables Reλ(ψφ)+ and Imλ(ψφ)+ ,
where θ ∈ [−pi,+pi] and z = 0.5 (dark solid curve) or z = 5 (solid circle) have been taken.
where
cos(2φm) =
1 + 2z cos θ + z2 cos(2θ)
1 + z2 + 2z cos θ
, sin(2φm) =
2z sin θ (1 + z cos θ)
1 + z2 + 2z cos θ
. (21)
Through this way, we can determine the phase information of NP in B0s -B¯
0
s mixing. To
illustrate the correlation between two observables, e.g., Reλ(ψφ)+ and Imλ(ψφ)+ , we plot them
in Fig. 2 by taking θ ∈ [−pi,+pi] and z = 0.5 or z = 5. Clearly the two-fold ambiguity in
extracting φm from Reλ(ψφ)+ ≈ cos(2φm) can be removed if Imλ(ψφ)+ ≈ − sin(2φm) is also
measured.
It is obvious that a determination of φm itself cannot isolate the magnitude (z) and phase
(θ) of NP effects in B0s -B¯
0
s mixing. For this reason, combining the measurements of ASL, S(t)
and (or) A(t) is useful to determine or constrain z and θ separately.
5 NP effect in CP -forbidden B0sB¯
0
s decays
If the expected large size of xSMs cannot be remarkably reduced by the contribution from NP in
B0s -B¯
0
s mixing, then a study of CP -forbidden B
0
s B¯
0
s decays at the Υ(5S) resonance will become
interesting. The straightforward reason is that the rates of such CP -forbidden transitions are
not suppressed by the largeness of xs, as we shall show subsequently. The CP -violating sig-
nal may be established directly from the observation of a CP -forbidden decay mode itself
other than the decay rate asymmetry, thus neither flavor tagging nor time-dependent mea-
surements are necessary in practical experiments [9]. For a B-meson factory running at the
7
Υ(5S) resonance, one will have a chance to detect the typical CP -forbidden channels like
(B0s B¯
0
s )C=+1 → (ψKS)(ψKL) and (B0s B¯0s )C=−1 → (ψKS)(ψKS) or (ψKL)(ψKL), where CP
parities of the initial and final states are opposite. For simplicity and illustration, we concen-
trate only on the coherent decays of (B0s B¯
0
s )C=−1 events later on.
The time-independent rate of a (B0s B¯
0
s )C=−1 pair decaying into the final state (f1f2) can
be given by [9, 10]
R(f1, f2) = n12
{
x2s
1 + x2s
[
1 + |λf1 |2|λf2|2 − 2Re (λf1λf2)
]
+
2 + x2s
1 + x2s
[
|λf1|2 + |λf2|2 − 2Re
(
λf1λ
∗
f2
)]}
, (22)
where n12 is a normalization factor proportional to the product of R(B0s → f1) and R(B0s →
f2); and λfi (i = 1 or 2) is defined like λf in Eq. (17). In obtaining the above formula, we have
made a safe approximation: 1/(1 − y2s) ≈ 1 due to ys ≤ ySMs ∼ 0.1. For those Bs decays into
hadronic CP eigenstates via quark subprocesses b→ (cc¯)s and b→ (cc¯)d, |λf1| ≈ |λf2| ≈ 1 is
expected to hold to a good degree of accuracy. With the help of R(B0s → ψKS) ≈ R(B0s →
ψKL), one can calculate the following ratios of two joint decay rates:
ξ1K ≡ R(D
+
s D
−
s , ψKL)
R(D+s D−s , ψKS)
, ξ2K ≡ R(ψKS, ψKS)R(ψKS , ψKL) . (23)
The results explicitly read
ξ1K =
x2s
[
1− Re(λD+s D−s λψKL)
]
+ (2 + x2s)
[
1− Re(λD+s D−s λ∗ψKL)
]
x2s
[
1− Re(λD+s D−s λψKS)
]
+ (2 + x2s)
[
1− Re(λD+s D−s λ∗ψKS)
] ,
=
x2s sin
2(2φm − φK) + (2 + x2s) sin2 φK
x2s cos
2(2φm − φK) + (2 + x2s) cos2 φK
; (24)
and
ξ2K =
x2s
[
1− Re(λ2ψKS)
]
+ (2 + x2s) [1− Re(|λψKS |2)]
x2s [1− Re(λψKSλψKL)] + (2 + x2s)
[
1− Re(λψKSλ∗ψKL)
] ,
=
x2s sin
2[2(φm − φK)]
x2s cos
2[2(φm − φK)] + (2 + x2s)
, (25)
where the phase parameter φK comes from K
0-K¯0 mixing in the final states of Bs → ψKS
and ψKL: 2φK ≡ − arg(qK/pK). Within the SM, φK ≈ 0 is a good approximation. However,
the NP appearing in B0s -B¯
0
s mixing is also likely to manifest itself in K
0-K¯0 mixing, leading
probably to a significant CP -violating phase φK . One can see that the above two CP -violating
signals are not suppressed by the largeness of xs. For xs ≥ 15 [1], we approximate Eqs. (24)
and (25) to
ξ1K ≈ sin
2(2φm − φK) + sin2 φK
cos2(2φm − φK) + cos2 φK ,
ξ2K ≈ sin
2[2(φm − φK)]
cos2[2(φm − φK)] + 1 . (26)
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Figure 3: Illustrative plot for the CP -violating signal ξ2K changing with xs ∈ [1, 30], where
(φm − φK) = pi/6 or pi/4 has been taken.
Clearly the information on φm and φK is extractable from ξ1K and ξ2K . If φK ≈ 0 can be
further assumed, then Eq. (26) is simplified as
ξ1K ≈ ξ2K ≈ sin
2(2φm)
1 + cos2(2φm)
, (27)
which is a pure function of φm.
For the purpose of illustration, we assume φm − φK = pi/6 or pi/4 to plot the change of
ξ2K with xs ∈ [1, 30] in Fig. 3. We find that ξ2K becomes close to its maximal value only
if xs ≥ 10, for a definite input of φm − φK . Hence such a CP -violating signal will be of
particular experimental interest, provided NP introduces a significant phase into B0s -B¯
0
s (or
K0-K¯0) mixing.
6 Concluding remarks
We have studied some phenomenological possibilities to isolate the NP effect in B0s -B¯
0
s mixing.
If xSMs (or y
SM
s ) can be reliably evaluated and xs (or ys) can be experimentally determined,
then significant deviation of xs/x
SM
s (or ys/y
SM
s ) from unity will be a clear signal of NP. In
addition, NP in B0s -B¯
0
s mixing is likely to enhance the semileptonic CP asymmetry ASL to
the level of 10−3 − 10−2. The phase information of NP can be extracted from either flavor-
tagged or flavor-untagged data samples of Bs decays into hadronic CP eigenstates, or both of
them, depending upon the experimental sensitivity to the xs- and (or) ys-induced oscillations.
It is remarkable that the rates of CP -forbidden B0s B¯
0
s transitions on the Υ(5S) resonance
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are not suppressed by the largeness of xs, and this feature will be useful for measuring the
CP -violating phase in B0s -B¯
0
s (or K
0-K¯0) mixing.
Of course, the experimental feasibility of the above-proposed measurements has to be
studied in some detail [12]. In particular, the complication to observe coherent B0s B¯
0
s decays
at the Υ(5S) resonance, where coherent B0dB¯
0
d events can also be produced [12, 13], should
be taken seriously. We hope that a systematic search for various CP -violating signals in the
B0s -B¯
0
s system will be available in the future experiments of B-meson physics.
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